On the assumption that experimentally validated tabulated thermodynamic properties of saturated fluids published by the National Institute of Standards and Technology are accurate, a theoretical thermodynamic cycle can be demonstrated that produces a net-negative entropy generation to the universe. The experimental data on the internal energy can also be used to obtain a simple, empirical equation for the change in internal energy of a real fluid undergoing isothermal expansion and compression. This demonstration provides experimental evidence to the theory that temperature-dependent intermolecular attractive forces can be an entropic force that can enhance the thermodynamic efficiency of a real-fluid macroscopic heat engine to exceed that of the Carnot efficiency.
I. INTRODUCTION
In the design of any thermodynamic system to convert heat to and from mechanical work, the laws of thermodynamics must always be considered. The first law of thermodynamics states that energy can not be created or destroyed, and that the change in internal energy equals the heat and work input into the working fluid [1] [2] [3] [4] [5] [6] δu = δq − δw,
where δu (J/kg) is the change in specific internal energy, δq (J/kg) is the specific heat transfered, and w (J/kg) is the specific work applied across the boundary [2] [3] [4] [5] [6] δw = P ·δv.
It is a priori and intuitively obvious that energy cannot spontaneously appear from nowhere, and this principle is fundamental to thermodynamics.
The second law has been described by Rudolph Clausius 1 in 1854 as heat can never pass from a colder to a warmer body without some other change, connected therewith, occurring at the same time. This principle is a posteriori and consistently observed in nature that heat always flows from hot to cold. The simple reason for this is the fact that due to kinetic theory 3, 4, 7 , the square root of the temperature is proportional to average velocity of a particle v m (m/s)
where κ represents the Boltzman's Constant (1.38·10 −23 J/K) and m m (kg) is the mass of a molecule. When there is heat transfer, the higher velocity particle from the hotter matter transmits energy when it impacts the lower velocity molecule.
In addition, Clausius' Theorem (a posteriori ) for the second law
states that any internally reversible thermodynamic cycle must generate a positive entropy δs≥0 to the surrounding universe, where the change in entropy δs (J/kg·K) is defined as
where T (K) is the absolute temperature, and δq (J/kg) represent the heat transfered per unit mass.
An internally reversible thermodynamic heat engine cycle with no increase in universal entropy δs = 0 is the definition of the idealized Carnot efficiency η C of a heat engine 1,3
where w out (J/kg) is the net work output, q in (J/kg) and q out (J/kg) are the heat input and output at the hot T H (K) and cold T L (K) temperatures, and η C represents the efficiency of a heat engine where there is no increase in entropy δs = 0,
and thus
A Carnot heat pump is simply a Carnot heat engine in reverse, and thus the Coefficient of 3 Performance (COP) where δs=0 is
If a heat pump were designed so that the heat output would entirely supply the heat input of a heat engine, and then the work output of the heat engine would supply the work input of a heat pump, this system would run indefinitely provided that
and if equation 8 does not hold true, then a work input will be constantly needed to keep the heat-pump-heat-engine system running. Since heat always flows from hot to cold, for this system to be possible the temperate range of the heat pump must be equal or greater than that of the heat engine
and therefore if both the heat pump and heat engine maintained the ideal Carnot COP C and efficiency η C , and the temperature difference was minimized so that T H,HE = T H,HP and T L,HE = T L,HP , then η HE = 1/COP HP . If the heat pump or the heat engine ever exceeded the Carnot efficiency and η HE >1/COP HP , then Clausius' Theorem (equation 4) would be violated and there would be negative entropy generated in the universe, and the system could obtain useful work from the ambient temperature, without the need for a temperature differential; this would violate Clausius' definition of the second law defined in equation 4.
To date, no practical heat engine or heat pump that exceeded the Carnot efficiency has ever been demonstrated, though some examples have been demonstrated at the quantum level [8] [9] [10] .
The internal energy of an ideal gas is comprised solely of the kinetic energy and is only affected by the temperature. For a real gas, however, the intermolecular forces affect the behavior of the molecules [2] [3] [4] [5] [11] [12] [13] [14] [15] [16] . The impacts of these forces increase as the molecules move closer together, and as the specific volume v (m 3 /kg) of the fluid decreases. The current equation used to date for the change in specific internal energy u (J/kg) for a real gas is based on the assumptions of entropy 2,3 defined by Clausius in equation 4
where C V (J/kg·K) is the specific heat capacity at a constant volume. The derivation of equation 9 originates from the first law of thermodynamics defined in equation 1, which using equation 5, the first law can then be written as
Expanding the partial derivatives of the entropy yields
and due to the symmetry of the second derivative of the Helmholtz free energy
By plugging equation 12 into equation 11, and then plugging equation 11 into equation 10, and then defining the specific heat capacity
one can get equation 9.
This manuscript demonstrates a new thermodynamic cycle, utilizing a saturated fluid, where established and experimentally validated thermodynamic properties have been published by the National Institute of Standards and Technology (NIST) 17 , formerly known as the National Bureau of Standards. On the assumption that the published thermodynamic properties, which have been used in research and industry for decades, are accurate, a theoretical thermodynamic cycle that generates a net negative entropy can be demonstrated, and thus disproving fundamental nature of Clausius' definition for the second law for dense fluids subjected to temperature-dependent attractive intermolecular forces.
II. THE SATURATED THERMODYNAMIC CYCLE
The theoretical cycle proposed starts off at a low temperature, saturated gas; this will be referred to as Stage 1. A piston compresses the saturated gas isothermally until it is a saturated liquid (Stage 2), resulting in a decrease in internal energy, a mechanical work input, and a heat output to the cold-temperature sink. Next, the piston expands slowly in a precise manner while the saturated fluid increases in temperature so that the fluid remains a saturated liquid until it is at a higher temperature; this hot saturated liquid will be referred to as Stage 3. During this saturated liquid heating between stage 2 and 3, there is a heat input, an internal energy increase, and a (relatively minimal) mechanical work output. Next, the piston continues to expand isothermally until the fluid is a saturated gas at the hot temperature; this will be referred to as Stage 4. During the hot isothermal expansion, the internal energy will increase significantly, there will be a significant work output on the piston, and a significant heat input as well. Finally, the piston will continue to expand precisely while the saturated gas is cooled, so that it remains a saturated gas, until the temperature returns to a saturated gas at the original cold temperature of Stage 1 and Stage 2. During this saturated gas cooling, there is a decrease in internal energy, a work output, and (usually but not exclusively) a net heat input.
As the density of a fluid increases to the point of being a saturated liquid, saturated gas, or supercritical fluid, intermolecular attractive (and repulsive) forces [11] [12] [13] [14] [15] [16] can impact the pressure and temperature of the fluid. As the molecules get closer together in the presence of attractive intermolecular forces, the internal potential energy will decrease. The thermodynamic data yields an empirical equation that closely predicts the change in specific internal energy ∆u (J/kg) during isothermal compression and expansion
where v 1 and v 2 (m 3 /kg) represent the specific volume, T represents the temperature, R (J/kg·K) represents the gas constant, T C (K) represents the critical temperature, and P C (Pa) represents the critical pressure. Table I . This cycle will operate with the impractically large compression ratio of 983,286. Propane has a molar mass of 44.098 grams per mole, which was used to tabulate the internal energy of a saturated liquid u L (J/kg) and a saturated gas u G (J/kg) in the last two columns of Table I . The saturated propane heat engine will operate at a low temperature of 130 K, and a hot temperature of 360 K.
First, the published thermodynamic properties 19 for propane tabulated in Table I The change in internal energy during the isothermal compression δu 12 (J/kg) can be easily determined with the first row of Table I δu 12 = u 2 − u 1 = −409, 542.5 − 85, 423.5 = −494, 966.
Due to Maxwell's Construction, the pressure during condensation remains constant, and therefore the work input w 12 (J/kg) defined in equation 2 for the isothermal compression is simply
Utilizing the first law of thermodynamics (equation 1), the total heat output q 12 (J/kg) during isothermal compression is therefore
The change in entropy of the ambient universe during isothermal compression δs 12 (J/kg·K), defined in equation 5, can thus be determined The experimentally verified thermodynamic properties tabulated in Table I were used to generated Table III, 
The total reduction in global entropy during this heating is δs 23 =-2,408.43 J/kg·K.
The change in internal energy during the isothermal expansion δu 34 (J/kg) can be easily determined with the first row of Table I δu 34 = u 4 − u 3 = 291, 397 − 160, 393 = 131, 004.
The pressure during isothermal vaporization remains constant, and therefore the work output w 34 (J/kg) defined in equation 2 for the isothermal expansion is simply
Utilizing the first law of thermodynamics (equation 1), the total heat output q 34 (J/kg) during isothermal compression is therefore 
The change in entropy of the ambient universe during isothermal compression δs 34 (J/kg·K), defined in equation 5, can thus be determined
Finally, the experimentally verified thermodynamic properties tabulated in Table I were   used to generated Table IV , where the saturated gas is cooled, with expansion in order that the propane remain a saturated gas as the temperature decreases. As the saturated propane gas is cooling, the internal energy is decreasing, where δu 
Because of this heat input, there is a decrease in global entropy during the saturated gas cooling of δs 41 =-1,479.76 J/kg·K.
In order for this cycle to be internally reversible, the net energy into and out of this heat engine cycle must balance. This can be easily verified by taking the cumulation of the heat transfer and work during each of the four stages. Table IV . Thermodynamic properties during the cooling of saturated propane vapor.
which contradicts Clausius Theorem for the second law of thermodynamics (equation 4), all the while never allowing impossible heat transfer from cold to hot!
III. PARAMETRIC STUDY
The cycle was studied again parametrically for different fluids, both the highly polar fluid water; the monatomic fluids of argon, krypton, and xenon; the diatomic fluid nitrogen; ammonia; the hydrocarbons of methane, ethane, propane, and both normal and iso-butane;
and the refrigerants Freon R-12, R-22, and R-134a. All of the data provided utilized the available online tables from NIST 17 , which are based on previously published experimental and empirical thermodynamics data It shall be noted that the change in internal energy δu (J/kg) obtained from the NIST database 17 matches perfectly R 2 = 1 for the change in internal energy for isothermal (dT=0 ) compression and expansion defined in equation 9 Next, the saturated thermodynamic cycle was studied for all of these fluids. While all of them had a ridiculously large compression ratio Φ making the cycle as described impractical to build, all of the fluids managed to reduce the net global entropy δs u (J/kg·K) when implemented over a specified temperature range ∆T ; this reduction in net-global entropy is tabulated in Table VI . The specific work input and output w, heat input and output q, change in internal energy u, and change in entropy of the universe δ s of this cycle is tabulated for water and steam (Table VII) , argon (Table VIII) , krypton (Table IX) , xenon (Table   X) , nitrogen (Table XI) , ammonia (Table XII) , methane (Table XIII) , ethane (Table XIV), propane (Table XV) , normal butane (Table XVI) , iso-butane (Table XVII) , Freon R12 (Table   XVIII) , Freon R22 (Table XIX) , and Freon R134a (Table XX) Table VIII . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Argon (Ar) as the working fluid. Table IX . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Krypton (Kr) as the working fluid. Table X . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Xenon (Xe) as the working fluid. Table XI . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Nitrogen (N 2 ) as the working fluid. Table XII . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Ammonia (NH 3 ) as the working fluid. Table XIII . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Methane (CH 4 ) as the working fluid. Table XIV . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Ethane (C 2 H 6 ) as the working fluid. Table XX . Work w (J/kg) input and output, change in internal energy δu W (J/kg), heat u (J/kg) input and output, and change in entropy δs (J/kg·K) for each stage of the cycle using Freon R-134a as the working fluid.
IV. THE SUPERCRITICAL STIRLING CYCLE HEAT ENGINE
A Stirling engine cycle is defined by isothermal compression at the cold sink (stage 1-2), isochoric heating from the cold to the hot temperature (stage 2-3), isothermal expansion at the hot source (stage 3-4), and isochoric cooling back from the hot temperature to the cold temperature (stage 4-1). In order that the ideal gas Stirling engine achieve maximum efficiency, there must be perfect regeneration from the isochoric cooling to the isochoric heating. This is thermodynamically possible (though difficult in practice) as the specific heat of an ideal gas is constant regardless of volume, and thus Q 23 = Q 41 over the same temperature range. Provided there is this perfect regeneration, Q in = Q 34 and Q out = Q 12 .
For an ideal gas subject to the equation of state defined in equation 25
undergoing isothermal expansion 3 , the heat input q δT =0 (J/kg) is equal to the work output
and thus the efficiency of an ideal gas Stirling engine is
which is the Carnot efficiency defined in equation 6.
Equation 26
no longer applies when a working fluid is no longer an ideal gas (equation 25) but a real fluid subjected to intermolecular forces such as the Van der Waal forces. Just like gravity has been observed to be an entropic force [45] [46] [47] [48] [49] [50] , it can be expected that this temperature-dependent attractive intermolecular force can impact the entropy generated as a result of thermodynamic processes involving real working fluids. As a fluid gets more and more dense, the molecules get closer to each other, and the impact of intermolecular forces increases. When a Stirling Engine uses a dense real fluid as its working fluid, the internal energy will in fact change during isothermal compression and expansion, which can be found with equation 9, and can be simply and accurately approximated with empirical equation
14.
The author proposes a Stirling engine, using supercritical argon gas as the working fluid.
The reduced specific volume at top and bottom dead center are V R = 1.5 and V R = 15.0, whereas the reduced specific temperatures are T R = 1.2951 and 
where ω is Pitzer's acentric factor, defined as
where P ′ S (Pa) is the saturated pressure at a reduced temperature of T R = 0.7, and P c (Pa) is the critical pressure. For all of the monatomic fluids including argon and xenon, ω = 0. This engine assumes perfect regeneration, where all of the heat output from isochoric cooling Q 41 (J/kg) is used for isochoric heating Q 23 (J/kg). This is extremely difficult to practically implement, but absolutely possible thermodynamically. For an ideal gas Q 23 = Q 41 ; for a real gas this is not the case. In order to determine the difference in heat needed from the The change in specific entropy δs (J/kg·K) is defined in equation 5, and the total entropy generated δs u (J/kg·K) in the universe by this interally reversible cycle is thus remarkably demonstrating a net reduction in entropy throughout the universe with a practical piston-cylinder heat engine that has a realistic compression ratio of 10.
V. CONCLUSION
The author demonstrated a theoretical heat engine cycle, utilizing experimentally vali- 
